The components of liquid radiography waste may be harmful or useful, depending on the composition of the raw material. This paper aims to remove the hazardous content from liquid radiography waste, while recoving the silver nanoparticles. The microwave plasma method was adopted to achieve this purpose. First, the conventional microwave oven was modified to generate the plasma in 100mL liquid radiogrpahy waste at 500W. The plasma generation time was varied for 1, 3, 4, 7, and 10min. In the treated liquid, the total suspended solid (TSS) was analyzed through vultraviolet spectrophotmetry, the silver (Ag) was examined through atomic absorption spectrophometory, and the biological oxygen demand (BOD) and chemical oxygen demand (COD) were discussed by titration method. In addition, the recovered silver was identified by X-ray diffraction (XRD) and scanning electron microscopy (SEM). The results
INTRODUCTION
Medical waste management is one of the numerous complexes and demanding challenges faced by humankind as the worldwide population develop and the demand for medical services increase. Due to improved access to medical services, which permit ever greater numbers of people to gain modern medical care, medical waste production in the developing world is growing rapidly [1] .
One of the medical wastes is produced from a radiographic film waste generated in hospital radiology departments for some investigation of medical and dental services. Approximately 2 billion radiographs are taken around the world each year, including chest X-rays, mammograms, CT scans, etc. Several wastes are produced from this medical service such as wastewater containing a photographic chemical, chemicals, and silver removed from the film generated, scrap films, fixer solutions, and spoiled chemicals. Radiography solution waste contains substantial quantities of components that can be both harmful and useful depending on the composition of the raw materials. Thus, for the environmental reasons, it is important to eliminate the high concentration of Silver (Ag), Biochemical Oxygen Demand (BOD), Chemical Oxygen Demand (COD) and Total Suspended Solids (TSS) [2] . Forward osmosis (FO) method was applied to concentrating radioactive liquid waste produced from a radiation therapy room in the hospital. In order to achieve an optimal condition, the pH and draw solution (DSs) were varied for FO concentration. As a result, this method had a rejection rate of removing natural and radioactive iodine up to 99.3% [3] .
In a previous study, silver recovery from the waste fixer solution examined using the electrolysis method. The highest silver recovery efficiency was 83.88% which obtained by electric currents of 0.9 A during 8 h electrolysis procedure. However, COD still had high concentration after electrolysis process so that the distillation process still needed to remove it [2] . Various plasma method has been reviewed for metal recovery from metal-containing waste. A sophisticated purification effect obtained when using the plasma arc melting method, while high energy achieved using plasma arc generated by gas ionization [4] .
Several studies investigating the synthesis of particulate matter were done by microwave plasma processes [5] [6] [7] [8] [9] . Microwave plasma was generated by modification of microwave oven [10, 11] . Consider other types of electrical excitation, microwave energy has a higher degree ionization and dissociation thus can enhance the kinetics to initiate a chemical reaction and reduce the activation energy. Moreover, in comparison to standard thermal reaction or thermal plasma, microwave plasma has a lower temperature that was favourable for synthesizing smaller particles [6] . In the solution plasma method for producing nanoparticles mostly requires a simple experimental setup without gas supply and can be utilized to any conductive metal or alloy [12] .
Microwave plasma method has been successfully used as a method to synthesized nanoparticles. Most nanoparticles are synthesized at high temperature activated by plasma to enhance chemical reactivity and rapidly contact the liquid for the cooling process. Using a 2.45 GHz microwave with 250 W of input power, a zinc, and zinc oxide nanoparticles were produced with 3.3 g/h of production rate [13] . Compare to pulse laser ablation in liquid method, higher productivity (production rate) and efficiency (production amount per energy) can be achieved in synthesis of zinc oxide, silver and magnesium-hydroxide nanoparticles [14] . Zinc nanoparticles was also successfully produced from the reduction of zinc oxide powder using ethanol as a reducing agent using a microwave plasma generator [15] The objective of this study is to remove hazardous content as well as recover silver nanoparticle from liquid radiography waste using microwave plasma method.
EXPERIMENTAL PROCEDURES
The experimental apparatus was shown in Figure 1 . Plasma was generated using a conventional microwave oven with dimension 470 mm width, 330 mm depth and 310 mm height. The microwave was modified by cutting the heat area and replaced with a waveguide. Microwave output was 85/500 Watt at 2450 MHz. A reactor and reservoir made from a polycarbonate cylinder and Teflon were used to gather radiography liquid waste.
Figure 1. Experimental apparatus
Radiography liquid waste was collected from the radiology department from the hospital. A 100 ml radiography liquid waste was circulated from a reservoir to a reactor which temperature maintained at 93 o to 100 o C. Plasma was generated at 500 W microwave oven power at atmospheric pressure. Plasma generation time was varied for 1, 3, 4, 7, and 10 minutes. The treated liquid then analysed using UV-2900 PC Spectrophotometer for TSS analysis, AA 700 SHIMADZU for Ag analysis, and titration method for BOD and COD analysis.
Sample from 10 minutes (sample 1) and 3 minutes (sample 2) of treated radiography liquid waste were dried to get the dry powder. The synthesized materials were identified using X-Ray Diffraction (XRD) (Shimadzu XRF-7000L) and Scanning electron microscopy (SEM, JEOL JSM-6510 LA). Table 1 shows the analysis parameter of liquid waste before and after the first plasma treatment. In order to determine the level of contamination, Chemical Oxygen Demand (COD) and Biological Oxygen Demand (BOD) values play a significant role. The amount of organic matter in the water is indicated by COD and the amount of oxygen required for microorganisms to decompose organic matter in the aerobic conditions is identified by BOD. After plasma irradiation COD and BOD were decreased from 33337.0 ppm to 14286.4 ppm (57.13%) and 13336.0 ppm to 5716.2 ppm (57.14%) respectively, however these results still not fulfil the environmental standard [16] . The longer plasma irradiation time was still difficult to obtain due to the limitation of modified microwave plasma oven apparatus. Nonetheless, Silver contents was decreased from 0.2354 ppm to 0.0171 ppm (92.73%) and TSS was decreased from 328.0 ppm to 2.09 ppm (99.36%). These values were far below the environmental standard regulation [16] . Plasma irradiation time gave a significant effect on COD, BOD, and Silver content. The longer plasma irradiation time reduced the concentration of BOD, COD, and Silver. Plasma in contact with liquid can drives OH production and generates a host of reactive species that attack and ultimately mineralize and destruct organic contaminants in the solution [17] . Due to the presence of hydrogen atoms in water molecule, which was essential for the formation of OH groups, In-liquid plasma system has a higher OH selectivity. Maximum OH selectivity at underwater plasma system was obtained at 3 to 5 minutes treatment duration [18] . When using DC arc plasma method, the amount of COD and BOD of olive mill wastewater reported decreased by 94.42% and 95.37% as a result of the dissolved oxygen ratio by means of structures such as ion, photons, free radicals and neutrals provided by plasma to the environment [19] .
RESULTS AND DISCUSSION

Hazardous content removal
Figure 2. Liquid waste colour change
After plasma treatment, there was some powder dispersed at the bottom of the reactor. There was a color change in that powder at 1-minute plasma irradiation. The powder was turning into black at 10 minutes plasma irradiation observed by the naked eye as shown in Figure 2 . The black powder dispersed at the bottom was assumed to be silver recovered by the plasma treatment.
XRD analysis
After the second plasma treatment of black powder dispersed obtained using ethanol liquid, the synthesized materials were analyzed using X-Ray Diffraction (XRD) (Shimadzu XRF-7000L). For the preparation of the XRD sample, materials dispersion was filtered using a membrane filter (pore size = 0.5 μm). Figure 3 and 4 show the pattern of Silver (Ag) nanoparticles with a value ranging from 10 to 70. Figure 3 shows the XRD pattern of sample 1. There were five diffraction peaks specific for silver nanoparticles at 27.7 0 , 29.8 0 , 33.68 0 , 38.8 0 and 47.86 0 . The peak at 27.7 0 in accordance with silver nanoparticle peak produced from the biosynthesis of Coleus aromaticus leaf extract and biosynthesis of colloidal silver nanoparticles which could be indexed to the (111) plane of silver [20, 21] . The peaks observed at 29.8 o and 33.68 o correspond to (200) and (220) respectively lattice planes for silver, the same peaks also observed when synthesized silver nanoparticles by treating the supernatant from a culture of Escherichia Coli with silver nitrate [22] . The peak confirmed at 47.86 o match that observed in silver nanoparticle synthesized from Pinus densiflora young cone extract [23] . [20, 21, 24] . A few unassigned intense peaks were also observed at 20.5 o and 22.8 o in sample 1 and 2. It is assumed to be carbon peak as EDS result also confirmed the high concentration of carbon was detected at the material synthesized.
The crystallite size of silver nanoparticles (D) was calculated from the Debye-Scherrer's formula [25] .    cos .
.
K D=
(1)
where, K is the Scherrer constant with value from 0.9 to 1, λ is the wavelength of x-ray source (0.1541 nm), β is the full width at half maximum (FWHM) of the measured reflection and θ is the angle of diffraction. The average size of silver nanoparticles as estimated using the above formula was 2.64 to 65.64 nm. The SEM image in Figure 5 shows the surface morphology of the silver nanoparticles from sample 1 and 2. The size of spherical shaped silver nanoparticles was ranging from 100-500 nm. Similar shape result of silver nanoparticles was obtained in references [26, 27] .
SEM analysis
CONCLUSION
The hazardous content removal and silver nanoparticles recovery from radiography liquid waste were successfully carried out using a modified microwave plasma. Application of plasma technology in radiography liquid waste treatment shows a decrease in TSS levels of 99.36%, Silver (Ag) of 92.73%, pH of 3.42%, BOD (Biochemical Oxygen Demand) of 57.13%, and COD (Chemical Oxygen Demand) of 57.14%.
Average crystallite size of XRD results was calculated of 2.64 to 65.64 nm and SEM results showed spherical shaped nanoparticle. 
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